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(54) Pigment dispersing resins 

(57) This invention provides a pigment dispersing 
resin having a weight-average molecular weight within 
a range of 1 ,000 - 150,000, which is obtained by copo- 
lymerizing a monomeric mixture comprising (a) a mac- 
romonomer obtained by polymerizing at least one eth- 
ylenically unsaturated monomer in the presence of a 
metal complex as a catalytic chain transfer agent, or an 
addition cleavage-type chain transfer agent and if nec- 
essary a radical polymerization initiator which macrom- 
onomer having a resin acid value less than 50 mgKOH/ 



g, and (b) at least one copolymerizable unsaturated 
monomer, wherein at least one monomer among the 
ethylenically unsaturated monomer(s) constituting said 
macromonomer (a) and the copolymerizable unsaturat- 
ed monomer(s) (b) has a functional group selected from 
substituted or unsubstituted amino group, quaternary 
ammonium salt group, sulfonic group, phosphoric group 
and carboxyl group. 
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Description 

those problems. ... gg4 362 52/1990 and 81849/1998 pro- 



50 



comprising 



leTsaS a Zeal polymeriza^n inrtiator, which macromonomer having a res.n acd value .ess than 50 mgKOH/ 



g, and 

55 (b) at least one copolymerizable unsaturated monomer, 
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stituted amino group, quaternary ammonium salt group, sulfonic group, phosphoric group and carboxyl group. 
[0010] The invention also provides a pigment dispersing resin ("pigment dispersing resin ll u ) having a weight-average 
molecular weight within a range of 1 ,000 — 150,000, which is obtained by copolymerizing a monomeric mixture com- 
prising 

(a) a macromonomer obtained by polymerizing at least one ethylenically unsaturated monomer in the presence 
of a metal complex as a catalytic chain transfer agent, or an addition cleavage-type chain transfer agent and if 
necessary a radical polymerization initiator, which macromonomer having a resin acid value less than 50 mgKOH/ 
g, and 

(b) at least one copolymerizable unsaturated monomer, 
wherein at least one monomer among the ethylenically unsaturated monomer(s) constituting said macrom- 
onomer (a) and the copolymerizable unsaturated monomer(s) (b) has a group which is convertible to a functional 
group selected from substituted or unsubstituted amino group, quaternary ammonium salt group, sulfonic group, 
phosphoric group and carboxyl group, 

and then converting said convertible groups in the formed resin to corresponding functional groups. 
The invention furthermore provides a pigment dispersing resin ("pigment dispersing resin III") containing long 
chain alkyl groups, which is obtained by introducing long chain alkyl groups into above pigment dispersing resin I 
or II. 

The invention also provides a pigment dispersing resin ("pigment dispersing resin IV") having a weight-average 
molecular weight within a range of 1 ,000 — 1 50,000, which is obtained by copolymerizing a monomeric mixture 
comprising. 

(c) a long chain alkyl group-containing macromonomer having a resin acid value less than 50 mgKOH/g, which is 
obtained by either subjecting a carboxyl-containing macromonomer and an epoxy-containing long chain alkyl com- 
pound to an esterification reaction, said carboxyl-containing macromonomer being obtained by copolymerizing a 
monomeric mixture comprising a carboxyl-containing unsaturated monomer and at least one other ethylenically 
unsaturated monomer in the presence of a metal complex as a catalytic chain transfer agent, or an addition cleav- 
age-type chain transfer agent and if necessary a radical polymerization initiator; or by causing an epoxy-containing 
long chain alkyl compound to be concurrently present in said copolymerization reaction system to effect the co- 
polymerization reaction and the esterification reaction at the same time, and 

(b) at least one copolymerizable unsaturated monomer, wherein at least one monomer among said macromonomer 

(c) and copolymerizable unsaturated monomer(s) (b) has a functional group selected from substituted or unsub- 
stituted amino group, quaternary ammonium salt group, sulfonic group, phosphoric group and carboxyl group. 

[0011] The invention moreover provides a pigment dispersion which comprises at least one of above pigment dis- 
ss persing resins I — IV, pigment, solvent and if necessary a dispersion assistant. 

[0012] The invention furthermore provides a paint composition which comprises above pigment dispersion. 
[0013] Hereinafter we will explain the present invention in further details. 

Pigment dispersing resin I 

40 

[0014] The pigment dispersing resin I according to the present invention is obtained by copolymerizing a monomeric 
mixture comprising macromonomer (a) and at least one copolymerizable unsaturated monomer (b), which are ex- 
plained in the following. 

45 Macromonomer (a) 

[0015] Macromonomer (a) is a polymer containing polymerizable unsaturated groups, which is obtained by polym- 
erizing at least one ethylenically unsaturated monomer in the presence of a metal complex which is a catalytic chain 
transfer agent, or an addition cleavage-type chain transfer agent, and if necessary a radical polymerization initiator. 

so [0016] Examples of said ethylenically unsaturated monomers include - C 24 , preferably C 1 - C 18 , linear, branched 
or cyclic alkyl esters of (meth)acrylic acid such as methyl (meth)acrylate s ethyl (meth) aery late, n-propyl (meth)acrylate, 
isopropyl (meth) aery I ate, n-butyl (meth)acrylate, isobutyl (meth)acrylatc, tert-butyl (meth)acrylate, 2-ethylhcxyl (meth) 
acrylate, n-octyl (meth) aery late, lauryl (meth)acrylate, stearyl (meth)acrylate, cyclohexyl (meth)acrylate, isobornyl 
(meth)acrylate and tridecyl (meth)acrylate; epoxy-containing ethylenically unsaturated monomers such as glycidyl 

55 (meth) acrylate and 3,4-epoxycyclohexylmethyl (meth) aery late; aromatic ethylenically unsaturated monomers such as 
styrene, vinyltoluene and cc-methylstyrene; amino-containing ethylenically unsaturated monomers such as N.N-dimeth- 
yiaminoethyl (meth)acrylate, N.N-diethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (meth)acrylate, N-t- 
butylaminoethyl (meth)acrylate and N,N-dimethylaminobutyl (meth) acrylate; quaternary ammonium salt group-con- 
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taininq ethylenically unsaturated monomers such as methacryloyloxyethyltrimethylammonium chloride; sulfonic group- 
containing ethylenically unsaturated monomers such as 2-acrylamido-2-methylpropanesulfonic acid; phosphoric 
group-containing ethylenically unsaturated monomers such as acidophosphoxyethyl (meth)acrylate; hydroxyl-conta.n- 
ing ethylenically unsaturated monomers such as hydroxyalkyl (meth)acrylates (preferably those whose hydroxyalkyl 
moietv contains 2 to 4 carbons) such as 2-hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, 2,3-d.hydroxy- 
butvl (meth)acrylate, 4-hydroxybutyl (meth)acrylate or compounds formed by ring-opening-polymenzation of above 
hydroxyalkyl (meth)acrylates with lactones such as e-caprolactone, and mono-esterified products of polyhydnc alcohol 
with acrylic acid or methacrylic acid, such as polyethylene glycol mono (meth)acrylate; and carboxyl-contain.ng ethyl- 
enically unsaturated monomers such as acrylic acid, methacrylic acid and half-esterified products of hydroxyalkyl 
(meth)acrylate with acid anhydride. These polymerizable unsaturated monomers can be used singly or combination 
of two or more kinds of the monomers. As ethylenically unsaturated monomers, C, - C 24 alkyl esters of methacrylic 
acid are particularly preferred, because they can synthesize the macromonomer with high efficiency. 
r0017l In this specification, "(methjacrylate" means "acrylate or methacrylate". 

001 8 Where the macromonomer (a) is synthesized by a polymerization reaction in the presence of a catalytic chain 
transfer agent, the reaction is conducted by Catalytic Chain Transfer Polymerization process (which may hereafter be 

^11^^^^^ <«. for example, U. S. Patent 4,694,054, U. S. Patent 4,680,352, WO 95/04767, 
U S Patent 5 721 ,330 and Macromolecules , 1996, 29, 8083-8089. Said macromonomer (a) can be obtained by these 
known CCTP processes. For instance, a macromonomer (a) can be obtained by catalytic chain transfer polymerization 
of an ethylenically unsaturated monomer, in the presence of a metal complex which is a catalytic chain transfer agent 
and if necessary a radical polymerization initiator, using such means as solution polymerization in an organ.c solvent. 
r00201 As examples of the metal complex used as catalytic chain transfer agent in said polymerization, cobalt com- 
plex iron complex, nickel complex, ruthenium complex, rhodium complex, palladium complex, rhenium complex and 
Iridium complex may be named. Of those, cobalt complex is preferred because it acts as a catalytic chain transfer 
agent very effectively. In particular, a cobalt complex expressed by the following (formula 1 ) can be conveniently used. 



30 



35 



40 




SO 



55 



(formula l) 

in which four X"s are same or different and each stands for hydrogen atom or a O, - C 10 hydrocarbon group, or two 
X's binding to adjacent carbons may form, together with said adjacent carbons, a C 4 - C^ hydrocarbon ring. It .s 
particularly preferred that X is methyl or phenyl group. ^•,^,„„, 
r0021] As typical examples of the cobalt complexes represented by above (formula 1), b.s(borond.fluorod,a kylgly- 
oximate) Co(ll) complex, bis(borondifluorodi(optionally substituted)phenylglyoximate) Co(ll) complex and the Hkemay 
be named. Of these, readily available bis(borondinuorodimethylglyoximate) Co(ll) complex and bis(borondif luorodiphe- 
nvlqlvoximate) Co(ll) complex can be used with particular convenience. 

r0022] The use rate of such metal complex as a catalytic chain transfer agent is not subject to spec,f.c limrtation 
while it is usually suitable that the use rate falls within a range of 1 x 1 0* - 1 part by weight, preferably 1 x 1 0-* - 0.5 
oart by weight per 100 parts by weight of the total of ethylenically unsaturated monomer(s) used for synthesizing a 
macromonomer (a). For adjusting reactivity or improving solubility of such a metal complex, if necessary known coor- 
dination compound may be added to the reaction system. Examples of such coordination compound include phospho- 
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rus compounds such as triphenylphosphine and tributylphosphine; amine compounds such as pyridine and trib- 
utylamine; hydroxyl-containing compounds such as methanol and ethylene glycol; ketones such as acetone and methyl 
ethyl ketone; esters such as ethyl acetate and butyl acetate; and water. 

[0023] Macromonomer (a) can also be prepared by using an addition cleavage-type chain transfer agent, instead of 
5 catalylic chain transfer agent. Where an addition cleavage-type chain transfer agent is used, the polymerization reaction 
is conducted by radical addition cleavage-type chain transfer polymerization. As such addition cleavage-type chain 
transfer agent, for example, 2,4-diphenyl-4-methyl-1-pentene (may be briefly called as "ct-methylstyrene dimer") may 
be named. The use rate of addition cleavage-type chain transfer agent is not critical, but it is usually adequate that the 
rate falls within a range of 0.1 - 75 parts by weight, in particular, 1 - 50 parts by weight, per 1 00 parts by weight of the 
10 total ethylenically unsaturated monomer(s) used for synthesizing the macromonomer (a). 

[0024] A macromonomer (a) can be formed by polymerizing at least one ethylenically unsaturated monomer by such 
means as solution polymerization in an organic solvent, in the presence of said metal complex which is a catalytic 
chain transfer agent, or said addition cleavage-type chain transfer agent and if necessary a radical polymerization 
initiator. 

is [0025] As radical polymerization initiators which may be used in polymerization of said macromonomer (a) as indi- 
vidual occasion demands, for example, the following may be named: organic peroxide polymerization initiators including 
ketone peroxides such as cyclohexanone peroxide, 3,3,5-trimethylcyclohexanone peroxide and methylcyclohexanone 
poroxide; peroxyketals such as 1 ,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, 1,1-bis(tert-butylperoxy)cy- 
clohexane and n-butyl-4,4-bis(tert-butylperoxy)valerate; hydroperoxides such as cumene hydroperoxide and 

20 2,5-dimethylhexane-2,5-dihydroperoxide; dialkylperoxides such as 1 ^-bisftert-butylperoxy-m-isopropyObenzene, 
2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, diisopropylbenzene peroxide, tert-butylcumyl peroxide, di-tert-amyl per- 
oxide, di-tert-hexyl peroxide and di-tert-butyl peroxide; diacyl peroxides such as decanoyl peroxide, lauroyl peroxide, 
benzoyl peroxide and 2,4-dichlorobenzoyl peroxide; peroxy carbonates such as bis(tert-butylcyclohexyl)peroxycar- 
bonate; and peroxy esters such as tert-butylperoxybenzoate, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane and tert-butyl- 

25 peroxyisopropylcarbonate: and azo polymerization initiators including 2,2'-azobisisobutyronitrile, 2-2'-azobis(2-meth- 
ylbutyronitrile), 1 ,1-azobis(cyclohexane-1 -carbon itrile), azocumene-2,2*-azobismethylvaIeronitnle, 4,4'-azobis(4-cy- 
anovaleric acid), dimethyl 2,2'-azobis(2-methylpropionate) and 2,2'-azobis(2 ! 4,4-trimethylpentane). The use rate of 
these radical polymerization initiators is not critical, while usually it is desirably within a range of 0.1 - 1 5 parts by weight, 
in particular, 0 .3 - 10 parts by weight, per 100 parts by weight of the total of ethylenically unsaturated monomer(s) used 

30 for synthesizing the intended macromonomer (a). 

[0026] As polymerization methods for obtaining macromonomer (a) by above-described CCTP process or radical 
addition cleavage-type chain transfer polymerization, solution polymerization in organic solvent, emulsion polymeriza- 
tion in water and the like can be used, of which solution polymerization is preferred. The polymerization can be usually 
conducted at around 80 - 200°C, by heating the system under stirring for normally about 1-10 hours. 

35 [0027] As the organic solvent, hydrocarbon solvents such as heptane, toluene, xylene, octane and mineral spirit; 
ester solvents such as ethyl acetate, n-butyl acetate, isobutyl acetate, ethylene glycol monomethyl ether acetate, di- 
ethyiene glycol monobutyl ether acetate and 3-ethoxyethyl propionate; ketone solvents such as methyl ethyl ketone, 
methyl isobutyl ketone, diisobutyl ketone and cyclohexanone; alcohol solvents such as methanol, ethanol, isopropanol, 
n-butanol, sec-butanol, isobutanol and methoxypropanol; ether solvents such as n-butyl ether, dioxane, ethylene glycol 

40 monomethyl ether and ethylene glycol monoethyl ether and the like; and aromatic petroleum solvents such as Swasol™ 
310, Swasol™ 1000 and Swasol™ 1500 of Cosmo Oil Co., Ltd. may be named. Those organic solvents can be used 
either singly or in combination of two or more. At the time of polymerization, the organic solvent is normally used in an 
amount not more than 400 parts by weight based on the total weight of the monomer components. 
[0028] So obtained macromonomer (a) preferably has an acid value less than 50 mgKOH/g, in particular, not more 

45 than 40 mgKOH/g, and a weight-average molecular weight within a range of 300 - 15,000, in particular, 500 - 10,000, 
inter alia , 1,000 - 10.000, to exhibit favorable pigment dispersion stability. 

Copolymerizable unsaturated monomer (b) 

so [0029] Copolymerizable unsaturated monomer (b) is subject to no particular limitation, so long as it is an unsaturated 
monomer copolymerizable with above macromonomer (a). As specific examples of copolymerizable unsaturated mon- 
omer (b), those monomers which are earlier named as examples of ethylenically unsaturated monomers to be used 
for production of above macromonomer (a) can be named. 

[0030] Pigment dispersing resin I according to the present invention can be produced by copolymerizing a mixture 
55 which comprises above-described macromonomer (a) and copolymerizable unsaturated monomer(s) (b). Here at least 
one monomer among those ethylenically unsaturated monomer(s) constituting said macromonomer (a) and copolym- 
erizable unsaturated monomer(s) (b) must have functional group(s) selected from substituted or unsubstituted amino 
group, quaternary ammonium salt group, sulfonic group, phosphoric group and carboxyi group. Specific examples of 
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|^'^' n ^ g^J^^i^g Of ttwse^cartoi^i-containing unsaturated monomers are preferred. 

at a combmed concentrat ^^Zlo r7^1orf^e pigment dispersion stability. Hence it is convenient to so seieot 
^^lu^i TS^ZZ^ monomers constituting the macromonomer (a) and those of copo- 

favorable pigment dispersion stability. 
Pigment dispersing resin II 

FSSSsSSSsSESSSSSiS 

^^ond a nrn^mpS or to quaternary ammonium salt group upon reacting with ternary amine 
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resin I! may fall within the above-specified range. It is also preferred for pigment dispersing resin II to have an weight- 
average molecular weight within a range of 1 ,000- 150,000, preferably 2,000 - 100,000, inter alia , 3,000 - 50,000, for 
favorable pigment dispersion stability. 

5 Pigment dispersing resin III 

[0038] Above-described pigment dispersing resin I or II can be converted to long chain alkyl-containing pigment 
dispersing resin ill, by introducing thereinto long chain alkyl groups, in particular, C 6 -C 2 4, preferably C 8 -C 20 , inter alia , 
C 8 - C 15 , linear or branched alkyl groups. Introduction of long chain alkyl groups into pigment dispersing resin can 
10 improve its compatibility with resins for paints such as base resin. 

[0039] Introduction of long chain alkyl groups into pigment dispersing resin I or 1 1 can be readily conducted by reacting 
with said resin a compound having a functional group reactable with the functional group in said resin and a long chain 
alkyl group. 

[0040] For example, where a pigment dispersing resin I or ii has carboxyl groups, long chain alkyl groups can be 
15 introduced into said resin by esterification reaction of an epoxy-containing long chain alkyl compound with at least a 
part of the carboxyl groups present in the carboxyl-containig resin, to produce a long chain alkyl-containing pigment 
dispersing resin (which method may hereafter be referred to as "method-1"). Alternatively, in the course of producing 
above-described pigment dispersing resin I, where at least one monomer among the ethylenically unsaturated mon- 
omers constituting macromonomer (a) and copolymerizable unsaturated monomer(s) (b) is carboxyl-containing un- 
20 saturated monomer, an epoxy-containing long chain alkyl compound may be caused to be concurrently present in the 
copolymerization reaction system of the monomeric mixture comprising said macromonomer (a) and copolymerizable 
unsaturated monomer(s) (b), to effect an esterification reaction concurrently with the copolymerization reaction, where- 
by introducing long chain alkyl groups into the resin to provide a long chain alkyl-containing pigment dispersing resin 
("method-2"). 

25 [0041 ] As said epoxy-containing long chain alkyl compound, a compound having one epoxy group and at least one, 
preferably one, long chain alkyl group, per molecule, is convenient, typical examples of which include Cardura™ E10 
(Japan Epoxy Resin Co., Ltd., glycidyl ester of C 9 - C u branched higher fatty acid) and 2-ethylhexylglycidyl ether. 
[0042] In the above method-1 , the blend ratio of pigment dispersing resin I or ll and an epoxy-containing long chain 
alkyl compound is not strictly limited, but generally it is suitable to use not more than 60 parts by weight, in particular, 

30 1 -50 parts by weight, inter alia , 1 - 40 parts by weight, of an epoxy-containing long chain alkyl compound, per 100 
parts by weight of pigment dispersing resin I or II, from the viewpoint of pigment dispersing ability of resulting resin. 
[0043] The esterification in above method-1 can be effected by reacting pigment dispersing resin I or II with such an 
epoxy-containing long chain alkyl compound, if necessary in the presence of organic solvent, usually at the reaction 
temperature around 100 - 150°C. In that occasion, use of a tertiary amine such as N,N-dimethyilaurylamine, N,N- 

35 dimethyldodecylamine or the like as a catalyst is preferred. 

[0044] In the above method-2, on the other hand, it is convenient to blend an epoxy-containing long chain alkyl 
compound in the occasion of effecting the esterification reaction concurrently with the copolymerization reaction, in an 
amount within a range of not more than 60 parts by weight, in particular, 1 - 50 parts by weight, inter alia , 1 - 40 parts 
by weight, per 100 parts by weight of the monomeric mixture comprising macromonomer (a) and copolymerizable 

40 unsaturated monomer(s) (b), from the viewpoint of pigment dispersing ability of the resulting resin. For promoting this 
esterification reaction, use of tertiary amines like above-named as the catalyst is preferred. 

[0045] Thus obtained long chain alkyl-containing pigment dispersing resin III, similarly to pigment dispersing resin I 
or II, contains functional group(s) selected from substituted or unsubstituted amino group, quaternary ammonium salt 
group, sulfonic group, phosphoric group and carboxyl group, preferably at a combined concentration within a range of 

45 o.01 - 10 equivalents/kg resin, in particular, 0.05-7.5 equivalents/kg resin, inter alia , 0.1 - 5 equivalents/kg resin, for 
favorable pigment dispersion stability. Hence it is convenient to so select the kinds and amounts of ethylenically un- 
saturated monomer(s) constituting the macromonomer (a), those of copolymerizable unsaturated monomer(s) (b) and 
the introduced amount of long chain alkyl groups, that the functional group concentration in resulting pigment dispersing 
resin 111 may fall within the above-specified range. Said pigment dispersing resin III, similarly to pigment dispersing 

so resin I or II, may have an weight-average molecular weight within a range of 1 ,000- 150,000, preferably 2,000 - 100,000, 
inter alia , 3,000 - 50,000. Furthermore, it is generally convenient that the long chain alkyl group content of pigment 
dispersing resin III falls within a range of 1 - 30 parts by weight, in particular, 1 - 20 parts by weight, based on 100 parts 
by weight of solid content of pigment dispersing resin III, for favorable pigment dispersion stability. 

55 Pigment dispersing resin IV 

[0046] Pigment dispersing resin IV according to the present invention can be obtained by the steps of synthesizing 
a carboxyl-containing macromonomer in the manner similar to the case of pigment dispersing resin I except using a 
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carboxyl-containing unsaturated monomer as a part of ethylenically unsaturated monomerfs) ""J^^ «^ 
rambler (a) i.e copolvmerizing a monomeric mixture comprising this carboxyl-contam.ng M ™ x **™™™ r 
andTt leSt one other ethylenically unsaturated monomer; and then subjecting this macromo nomer and an epoxy- 
nontlinS kDna chain alkyl compound to an esterification reaction: or causing an epoxy-contam.ng long chain alkyl 
com Id XtSuZ^piLm in the copolymerization system to effect the 
Me copolymerization reaction to provide a long chain alkyl group-containing macrom0 "3^^^ 
copolvmerizing a monomeric mixture comprising this macromonomer (c) and at least one copolymenzable unsaturated 



40 



[0047]^ As above epoxy-containing long chain alky, compound, those similar to the epoxy-containmg ^ chain alkyl 
comoounds useful in the production of above-described pigment dispersing resin III can be named as examples. 
r 00 «r The bSd ratio between the carboxyl-containing macromonomer and the e P°^- con,a T^^ 
compound is not strictly limited, while generally it is adequate from the viewpoint of pigment dispers.b.l.ty thatthe epoxy- 
IZ^Zo La chain alkyl compound is present within a range not more than 60 parts by weight, ,n particular, 1 - 50 
h £i5! tteJSia l Mparts by weight, per 100 parts by weight of said carboxyl-containing macromonomer. 
Fooi?" w£e ^eSyLntEg long c'ain'a.ky. compound is caused to be concurrently present In the copoly- 
meSltioreact on Stem it is suitable that its amount falls within a range not more than 60 parts by weigh , ,n 
SS^1^S^i2Sr2^ ISSSLSSS, 1 - 30 parts by weight, per 100 parts by weight of the monomeric mixture 

ZZ Pa ZVtZZZT:^ can be conducted by reacting the carboxyl-containing macromonomer wi^ the 
S-contarnmgTong chain alkyl compound, if necessary in the presence of an organic solvent, usually at the reaction 
tempeSurl Taround 100 - 150"C. In that occasion, use of a tertiary amine such as N,N-dimethy.laury.am.ne or N, 

^^^Z^S^S^ has an acid value less than 50 mgKOH/g, in part.u la, not more 
than 40 mgKOH/g, and a weight-average molecular weight within a range of 300-15,000, ,n particular, 500 - 10,000, 

25 intAr alia 1 000-10.000, for favorable pigment dispersion stability. 

S^zT Pigment dispersing resin IV according to the present invention is prepared by copolvmenzing a monomanc 
Se compriing thus forced long chain alkyl-containing macromonomer (c) and at .east one copolymenzable un- 

S ted Abo°v n e° co'poSmerizable unsaturated monomers) (b) may be similar to those copolymerizable unsaturated 
30 monleris) (b) th£t aVe used in the production of pigment dispersing resin . according to the present invention 

JEST * -Sin of copolvmerizing said macromonomer (c) with copolymerizable unsaturated n~r(s) (b). 
Sne blend ratio of the two preferably is within the following ranges, for favorable pigment d.spers,on stab.lrty. 

macromonomer (c): 

35 o.1 - 99.9 wt%, preferably 1 - 99 wt%, inter alia, 5 - 90 wt % 

copolymerizable unsaturated monomer(s) (b): 

0.1 - 99.9 wt%, preferably 1 - 99 wt%, inter alia, 5 - 90 wt%. 



so 
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r00551 As the polymerization method for effecting copolymerization reaction of a mixture of macromonomer (c) and 
Sme^zSe'unsaturated monomer(s) (b), those similar to the polymerization methods f or o***^ » 
7macTomonomer (a) and copolymerizable unsaturated monomer(s) (b) in product,on of pigment dispersing resm I 

U ?hus obtained pigment dispersing resin IV containing long chain alkyl group contains, similarly to pigment 
EL^sin? " Afunctional group(s) selected from substituted or unsubstituted amino group, quaternary ammo- 
n Z Stt o roup su onr g Voup, phosphoric group and carboxy. group, preferably at a combined concentrat.on w,W 
.S^^TSSiLKl resin, in particular, 0.05 - 7.5 equivalents/kg resin, inter a^a, 0.1 - a 
fesiSortevorable pigment dispersion stability. Hence it is convenient to so select the kinds and amounts of ethy en caHy 
unaturi^ 

Educed amount of long chain alkyl groups that the functional group concentration in result.ng p.gment dispers.ng 
esTr ^^maTfa! wSin *J ^above-speiified range. Said pigment dispersing resin IV may have an weight-average 
resin IV may ran wnnin me h 9 . ... D referablv2 000 - 100 000, inter alia, 3,000-50,000, similarly 

r^S^^" ITf^eZe it is genC y p^frZ that the loT^chaTn alky, group content of 
S!SS2^^^ a range or 1 - 30 9 parts by weight, in particular, 1 - 20 parts °" 
!ol parte J weight of solid content of pigment dispersing resin IV, for favorable p.gment dispersion stab.lrty. 

Pigment dispersions 

[0057] Pigment dispersion resins I - IV of the present invention contain in their molecules those monomers having 
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functional groups selected from substituted or unsubstituted amino group, quaternary ammonium salt group, sulfonic 
group, phosphoric group and carboxyl group, and hence excel in adsorption onto pigment surfaces, can prevent ag- 
gregation among pigments in pigment dispersions and impart thereto dispersion stability. For example, pigment dis- 
persing resins of the present invention having tertiary amino groups or quaternary ammonium salt groups particularly 

5 excel in dispersion stability of acidic or neutral pigments, and pigment dispersing resins of the invention having sulfonic, 
phosphoric or carboxyl groups particularly excel in dispersion stability of basic pigments. The amount of these functional 
groups in pigment dispersing resins of the invention can be suitably selected within th e earlier specif ied range, according 
to the kind of pigment to be dispersed, specific surface area of pigment particles, particle diameters, use or non-use 
of pigment surface treating agent, polarity of dispersant, etc. 

w [0058] Therefore, those pigment dispersing resins of the present invention can be broadly used for dispersing various 
kinds of pigments. 

[0059] Thus, according to the present invention, pigment dispersions containing at least one of pigment dispersing 
resins I - IV of the present invention, pigment, solvent (dispersing medium) and if necessary a dispersing assistant are 
provided. 

15 [0060] As the pigments, those usually used in the field of paints and inks, for example, bright pigments such as 
aluminium powder, coppoer powder, nickel powder, stainless steel powder, chromium powder, micaceous iron oxide, 
titanium dioxide-coated mica powder, iron oxide-coated mica powder and bright graphite: organic coloring pigments, 
e.g., organic red pigments such as Pink EB, azo- and quinacridone pigments; organic blue pigments such as cyanine 
blue and Indanthrene Blue; organic green pigments such as cyanine green; organic yellow pigments such as benzim- 

20 idazolone-, isoindoiinandquinophthalone pigments: inorganic coloring pigments such as titanium white, titanium yellow, 
iron red, carbon black, chrome yellow, iron oxide; and various calcined pigments may be named. 
[0061] Blend ratios of these pigments are not subject to specific limitations, while they are normally within a range 
of 10 - 3,000, preferably 15 - 2,000, inter alia 15- 1 ,800 parts, per 100 parts of a pigment dispersing resin or resins of 
the present invention, parts being by weight, in consideration of pigment dispersing ability, dispersion stability and color 

25 developing property of resulting pigment dispersions. 

[0062] As the solvent, any organic solvent capable of dissolving pigment dispersing resins can be used without 
particular limitation, specific examples including hydrocarbon solvents such as toluene, xylene and mineral spirit; ester 
solvents such as ethyl acetate, n-butyl acetate, isobutyl acetate, ethylene glycol monomethyl ether acetate and dieth- 
ylene glycol monobutyl ether acetate; ether solvents such as n-butyl ether, dioxane, ethylene glycol monomethyl ether, 

30 ethylene glycol monoethyl ether, ethylene glycol monobutyl ether and diethylene glycol; ketone solvents such as methyl 
ethyl ketone, methyl isobutyl ketone and diisobutyl ketone; alcohol solvents such as methanol, ethanol, isopropanol, 
n-butanol, sec-butanol and isobutanoi; and aromatic petroleum solvents such as Swasol™ 310, Swasol™ 1000 and 
Swasol™ 1 500 of Cosmo Oil Co. , Ltd. Those organic solvents can be used eithersingly or in combination of two or more. 
[0063] As dispersion assistants, which are used as occasions demand, for example, Soisperse™ 24000 GR (AVECIA 

35 Ltd.) and Disper™ BYK-160 (BYK Chemie International GmbH) may be named. 

[0064] Those pigment dispersions can be prepared by mixing the foregoing ingredients and stirring the mixtures to 
homogeneity, for example, with paint shaker, homogenizer, sand mill and the like. 

[0065] Resulting pigment dispersions excel in dispersion stability of pigments and can be advantageously used for 
formulation of paints. 

40 

Paint compositions 

[0066] Said pigment dispersions which are provided by the present invention can be blended with binder resin for 
paint and, as occasions demand, with other additives for paint such as solvent, curing catalyst, rheology control agent 
45 such as fine polymer particles, ultraviolet absorber, ultraviolet stabilizer, coated surface-regulating agent, antioxidant, 
silane coupling agent and the like, to provide paint compositions. 

[0067] Said binder resins for paint usually encompass base resins useful for paints, or combination of such resins 
with curing agents. Examples of such base resin include hydroxy l-containing acrylic resin, hydroxyl-containing polyester 
resin, epoxy resin, epoxy-containing acrylic resin, carboxyl-containing high acid value polyester resin and carboxyl- 
so containing high acid value acrylic resin. As the curing agent, for example, amino resins and optionally blocked polyiso- 
cyanate compounds may be named. 

[0068] As said binder resins for paint, in particular, combinations of at least one base resin selected from hydroxyl- 
containing acrylic resins and hydroxyl-containing polyester resins with at least one curing agent selected from amino 
resins and optionally blocked poly isocyan ate compounds; and combinations of at least one resin selected from epoxy 
55 resins and epoxy-containing acrylic resins with at least one carboxyl-containing resin selected from high acid value 
polyester resins and high acid value acrylic resins, can be conveniently used. 

[0069] As said solvent which is used when necessary, various solvents which can dissolve or disperse said binder 
resins for paint and pigment dispersing resins and which are similar to those named as examples of solvent in said 
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10 



15 



pigment disperses can be b|ocked p0 | yiS ocyanate compound is selected as the curing agent, 

[0070] As the cunng catalyst where opt.onaHy Sylamine, diethanolamine and the like may be used; 

dibutyltin diacetate. d.butylt.n J'^f^^ curing agent, sulfonic acid compounds such as para- 

s— f t^:^^^^-"^ - — suifonic acid compounds 

SJ? ^polymer partic.es which are used as meo,g> .cent,! * 

dissolve in paint compositions but disperses as fine parte es Su^a^ge («rt«* a zer^ y ^ 
of 0.01-1 la inside of the fine polymer P^^^^JK! pZuL. As^heology control 



20 Production of macromonomers 
Production Example 1 



25 



30 



35 



40 



[0 0 75] An ordinary reaction vessel for producing - J^™,^^ 2£%SZZ I 
eflux condensing tube and the like accessories was charged I w.th > 3 0 parts of jhyten e g V * ftB mjxture 

parts of 2,4-diphenyl-4-methyl-1-pentene wh.ch were * f °' lowin 9 3 hoUrS; 

reached 1 50°C, a mixture of following monomers, etc. was added dropwise over a P 



n-butyl methacrylate 


92.5 parts 


methacrylic acid 


7.5 parts 


ethylene glycol monobutyl ether 


5 parts 


di-tert-butyl peroxide 


1 part 



50 



55 



I0 0 76] After the dropwise addition ended, the system was f^^^^^ JSSKp^ 
lowered to 120-C and an additional liquid catalyst mixture of 5 parts of n-butyl acetate ^anoo. p 

Production Example 2-13 

,0077, P-o^n^p,.^.^^*-^ 

resulting from ring-opening of e-caprolactone. 
Production Example 14 

[0 07B, An ordinary reaction vessel for producing ^^^^jK T^ZZZZ^l 
nitrogen-inlet pipe, a reflux condensing tube he ^^^'S^SLa Iheinside atmosphere of the 
which was heated under st.rr.ng and maintained at 105 wMei "Wjnj ^ethacMate, 40 parts of "Placcel FM- 
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sisobutyronitrile was dripped over an hour, followed by aging at 1 05°C for an hour. Cooling the system, a macromon- 
omer (M-14) solution with a solid content of 65% was obtained. Said macromonomer (M-14) had a weight-average 
molecular weight of about 5,000. 

[0079] Solid contents of the solutions of macromonomers (M-1 to M-14) as obtained in the foregoing production 
examples, and resin acid values and weight-average molecular weights of the macromonomers were as shown in the 
following Table 1 . 
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Preparation of pigment dispersing resins 
Example 1 



10 



15 



20 



25 



30 



35 



40 



,0030, Anordinaryre^^ 

condensing tube and the like accessories, ^^^^^ , . T he content was heated under 

onomer (M-1) solution (solid content: 80 parts) as obtamed I m l Product on E *ampie ^ 
stirring and maintained at 120-C, and into "h«h a mnrtuw fonj«J SSwasaddedd^eover 
2-hydroxyethyl methacrylate, 0.5 part of azobisisobutjonrtrrfe and I 5 ^^^^J t mjxture ^ of 5 

a period of 3 hours, followed by 30 minutes' aging at 120 ^^jJJJ^™,^,. a perio y d of an ho ur. Thereafter 
pisot n-buty, acetate^ 

^ ^ had a resin acid value of about 36 m9KOH/9 and 

a weight-average molecular weight of about 6,000. 
Examples 2 - 15 and Comparative Examples 1 - 4 

=r s sirffi^&- - — — — - — > * - sa ™ 

Table 2. 
Example 1 6 

[0082, An ordinary reaction vesse. for producing acrylic ^^^Jftg ^^£^27^ 
eflux condensing tube and the like accessories was chafed wAh 35 IJJ^g^JJ ^ content was 
macromonomer (M-9) solution (solid content. 25 parts) as J^^^O^ 0 methy , methacrylate. 

heated under stirhng and maintained at 120°C. ^^^^^^^^^ acetate was added 
10 parts of 2-hydroxyethyl methacrylate, 03 pal of ™*™^»™T^s aM20°C, a mixture formed of 17.5 
dropwise over a period of 3 ^^^^>SS7!^ azobtisobutyronitrile and 5 parts of n-butyl 
parts of n-butyl methacrylate, 7.5 parts of methacrylic aca M P ap additlonal 

acetate was added dropwise over a period of 3 hours followed by 30 J*J9 g 
Hquid catalyst mixture formed of 5 parts of n-butyl acetate and "J^ «^S?SSS a pigment dispersing resin 

^r~^coS 

mgKOH/g and a weight-average molecular weight of about 25,600. 
Example 1 7 

vale and weight-average molecular weight of the same resin were as shown in Table 2. 
[0084] The note in the following Table 2 has the following sign.f.cance. 
45 (note 2) Cardura E10: tradename, Japan Epoxy Resin Co., 

[0085] Ltd., glycidyl ester of C 9 - branched higher fatty ac.d. 
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Table 2-2 
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30 
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55 





Example 


16 


17 


pigment dispersing resin solution 


A-16 


A-17 


n-butyl acetate 


35 


35 


Macromonomer solution 


kind 


M-9 


M-10 


solid amount 


25 


25 


methyl methacrylate 


40 


15 


2-hyroxyethyl methacrylate 


10 


10 


azobisisobutyronitrile 


0.5 


0.5 


n-butyl acetate 


5 


5 


methyl methacrylate 






n-butyl methacrylate 


17.5 




2-ethylhexyl methacrylate 




19 


2-hyroxyethyl methacrylate 




5 


Methacrylic acid 


7.5 


6 


azobisisobutyronitrile 


0.5 


0.5 


n-butyl acetate 


5 


5 


n-butyl acetate 


5 


5 


azobisisobutyronitrile 


0.5 


0.5 


solid content (%) 


55 


55 


resin acid value (mgKOH/g) 


49 


49 


weight-average molecular weight 


25600 


18000 



Preparation of pigment dispersions 

Examples 18-41 and Comparative Examples 5 - 8 

[O0B6] Using those pigment dispersing resin solutions as obtained in above Examples 1-17 and Comparative Ex- 
amples 1 - 4, pigments and mixed solvent, the components of the respective amounts as specified in the following 
Table 3 were put in a wide-mouthed glass bottle of 225 cc in capacity, to which about 1 .3 mrruj) glass beads were added 
as a dispersion medium. Hermetically sealing the glass bottle, each of its content was dispersed with a paint shaker 
for 4 hours to provide pigment dispersions (B-1 ) - (B-24) and (BC-1 ) - (BC-4). 
[0087] Notes in Table 3 has the following significations: 

(note 3) FTX: Ciba Specialty Chemicals Co., Ltd. : an organic red pigment sold under a tradename of "IRGAZIIM 
DPP Rubine FTX". 

(note 4) RT355D: Ciba Specialty Chemicals Co., Ltd., an organic red pigment sold under a tradename of "Cinquasia 
Mazenta RT355D" 

(note 5) G31 4: Sanyo Color Works, Ltd. an organic blue pigment sold under a tradename of "Cyanine Blue G31 4". 

[0088] Those pigment dispersions obtained in above Examples 1 8-41 and Comparative Exampie5 - 8 were subjected 
to performance tests based on the following test methods. The results were as given in later appearing Table 3. 
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Test methods 



Coating appearance: 



5 [0089] Each pigment dispersion was applied onto a 1 00 x 200 mm transparent PET film 

adry Am. thickness of 1 5 urn, and baked at 1 40°C for 30 minutes. Turbidity level of the coafcng formed on the film was 
visually evaluated according to the following criteria: 

O: coating was uniform and completely free of turbidity 
10 A: a little turbidity was observed 

x : considerable turbidity was observed. 

Gloss: 



15 [0090] Following JIS K5400 7.6 (1 990), refrectance of each coating was measured, when incident angle and light 
receiving angles are both 60 degree. 

Transparency: 

20 [0091] Using a haze meter (COH-300), % light transmission was determined following the equation: 

light transmission (%) = 
100 x [ 1- ( scattered light intensity / irradiated light intensity)] 

Viscoelastic properties: 

[0092] Viscosity [PascaLsecond (Pa-sec.)] and yield value (dyne/cm*) were measured with Viscoelastometer "MR- 
30 300" (Rheology Co.) 
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Synthesis of resins for paints 
55 Synthesis Example 1 

[0093] A reaction vessel for producing acrylic resins, which was * cTtd^omaSc 

densing tube and the like accessories, was charged with 30 parts of Swasol™ 1000 (Cosmo Oil Co., Ltd., aromatic 



20 



BNSDOCIO. <EP 1296822A2_I_> 



EP 1 295 922 A2 



hydrocarbon solvent) and 5 parts of n-butyl alcohol, which were heated under stirring. When the temperature reached 
130°C, a mixture of the following monomers, etc. was added dropwise over a period of 3 hours: 





styrene 


20 parts 


5 


methyl methacrylate 


50 parts 




n-butyl aery I ate 


1 5 parts 




2-hydroxyethyl methacrylate 


15 parts 




2,2'-azobisisobutyronitrile 


5 parts 


10 


n-butyl alcohol 


5 parts 



[0094] After the dropwise addition of said mixture was completed, the system was maintained at 1 30°C for further 
30 minutes, followed by further dropwise addition of an additional catalyst solution which was a mixture of 0.5 part of 
2,2'-azobisisobutyronitrile and 8 parts of Swasol™ 1000 over a period of an hour. Stirring at 130°C was continued then 
15 for an hour, and the system was cooled. Diluting this system with 8 parts of n-butyl alcohol, an acrylic polymer solution 
(AP-1) having a solid concentration of 60% was obtained. 

Synthesis Example 2 

20 [0095] Synthesis Example 1 was repeated except that the composition of the monomeric mixture for dropwise ad- 
dition was changed to that as specified in later appearing Table 4, to synthesize an acrylic polymer solution (AP-2) 
having a solid concentration of 60%. 

Synthesis Example 3 

25 

[0096] Synthesis Example 1 was repeated except that the composition of the monomeric mixture for dropwise ad- 
dition was changed to that as specified in later appearing Table 4, and the reaction temperature and aging temperature 
was changed from 130°Cto 120°C. Thus a glycidyl-containing acrylic polymer solution (GP-1) having a solid concen- 
tration of 60% was synthesized. 

30 

Synthesis Example 4 

[0097] A reaction vessel for producing acrylic resins, equipped with a stirrer, thermometer, a reflux condenser and 
the like accessories was charged with 40 parts of xylene and 15 parts of 3-methoxybutyl acetate, which were heated 

35 under stirring until the temperature reached 125°C. Then a mixture of monomers, etc. as later specified in Table 4 was 
added dropwise over a period of 4 hours, and after the addition was completed, maintained at 125°C for further 30 
minutes. Then an additional catalyst solution which was a mixture of 0.5 part of 2,2'-azobisisobutyronitrile and 1 5 parts 
of 3-methoxybutyl acetate was added dropwise over a period of an hour. Stirring was continued for another hour at 
125°C, and the system was cooled to provide a high acid value acrylic polymer solution (CP-1) having asolid concen- 

40 tration of 60%. 

[0098] Resin characteristics of those acrylic polymers as obtained in above synthesis examples 1 - 4 also are shown 
in the following Table 4. 



Table 4 



so 



Synthesis Example No. 


1 


2 


3 


4 


acrylic polymer solution 


AP-1 


AP-2 


GP-1 


CP-1 


styrene 


20 


20 


45 


5 


methyl methacrylate 


50 


45 






n-butyl acrylate 


15 




10 




n-butyl methacrylate 




15 




30 


isobutyl methacrylate 








24 


lauryl methacrylate 








25 


2-hydroxyethyl methacrylate 


15 




15 
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Table 4 (continued) 
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Synthesis Example No. 


1 


2 


3 


4 


2-hydroxyethyl acrytate 




20 






glycidyl methacrylate 






30 




meth acrylic acid 








6 


acrylic acid 








10 


2,2 , -azobisisobutyronitrile 


5 


4 


5 


5 


n-butanol 


5 


5 


5 




glass-transition temperature 

CO 


60 


42 


54 


14 


hydroxy! value (mgKOH/g) 


65 


97 


65 




acid value (mgKOH/g) 








117 


epoxy equivalent (glequivalent) 






473 





Synthesis Example 5 

T00991 A reaction vessel equipped with a stirrer, thermometer, rectification column, nitrogen inlet pipe, a reflux con- 
denser and the ke accessories ; was charged with 2.4 moles of Isophthallc acid, 4.8 moles of ^ydrophthahc ^ac.d, 
?7 mo es of adipic acid, 5.1 mo.es of neopenty. glyco 

whteh Sre heated under stirring until 160°C, and then further gradually heated to 240»C over a penod of 3 ^hours 
Sowed by 1 T Su* aging. The rectification column was switched to reflux condenser 1.4 moles of xylene was 
n reduced and the reaction was conducted under reflux for 12 hours at 240°C. Adding Swasol™ 1000 (Cosmo Oil 
el S l! an ^aromatic hydrocarbon solvent), a potyester polymer solution (PP-1 ) having a solid concentration of 60% 
was obtained. 

Synthesis Example 6 

[0100] Synthesis Example 5 was repeated except that the starting materials used were * an 8^^ d ^ 
n the followina Table 5 to provide a polyester polymer solution (PP-2) having a solid concentration of 60 A. Resin 
SJiSSr^ vS,L of the polyester polymers obtained in Synthesis Examples 5 and 6 are shown ,n the 
following Table 5. 

Table 5 



Synthesis Example 


5 


6 


polyester polymer solution 


PP-1 


PP-2 


isophthalic acid 


2.4 


1.6 


hexahydrophthalic acid 


4.8 


4.4 


adipic acid 


2.7 


4.0 


neopentyl glycol 


5.1 


1.1 


1 ,6-hexanediol 


3.3 


7.6 


trimethylolpropane 


2.5 


2.2 


Glass transition temperature 
(°C) 


-22.8 


-46.1 


acid value (mgKOH/g) 


4 


4 


hydroxy! value (mgKOH/g) 


98 


90 
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Preparation of coloring paint compositions 
Example 42 

5 [0101] Mixing 115 parts (solid content: 60 parts) of the pigment dispersion paste (B-1) as obtained in Example 18, 
300 parts (solid content: 180 parts) of the acrylic polymer solution (AP-2) as obtained in Synthesis Example 1; 85.7 
parts (solid content: 60 parts) of Nikalac™ MS25 (Sanwa Chemical Co., Ltd., a butyl-etherified melamine resin solution 
having a solid content of about 70%); 1 .1 parts of Nacure™ 5225 (U.S. King Industries, Ltd., a curing catalyst solution 
which is a solution of amine-neutralized sulfonic acid compound; active ingredient 25%) and 1.4 parts of Disparlon™ 

10 LC-955 (Kusumoto Chemicals, Ltd., a surface- regulating agent), a coloring paint composition was obtained. 

Examples 43 - 66 and Comparative Examples 9-12 

[01 02] Example 42 was repeated except that the compositions of the blend was varied to those indicated in the later 
15 appearing Table 6, to provide respective coloring paint compositions. 
[0103] Notes in Table 7 each has the following significance: 

(note 6) Desmodur™ N3500: Sumika Bayer Urethane Co. Ltd., a blocked isocyanate compound 
(note 7) TBAB: tetrabutylammonium bromide. 

20 

[0104] Using those coloring pigment compositions obtained in Examples 42 - 66 and Comparative Examples 9-12, 
test panels were prepared following the hereinafter described preparation of test panels. 

Preparation of test panels 

25 " 

[01 05] A 0.8 mm-thick cold rolled dull steel sheet which had been chemically treated with zinc phosphate was applied 
with an epoxy resin-based cationic electrodeposition paint to a dry film thickness of about 20 u.m which was subse- 
quently baked. Onto this electrodeposited paint film, automotive polyester resin-based inter coating paint was applied 
to a dry film thickness of about 20 fim and baked. This coated steel sheet was wet sanded with #400 sand paper, dried 
30 off and degreased with petroleum benzine. Onto so degreased coat surface each of the coloring paint compositions 
whose viscosity was adjusted to 25 seconds (Ford cup #4/25°C) was applied to a dry film thickness of about 40 urn, 
and allowed to stand at room temperature for about 3 minutes for setting. Each of the paint film was then baked with 
an electric convection oven at 140°C for 30 minutes, to provide a test panel. 

[0106] Thus prepared test panels were subjected to various tests by the following test methods, with the results as 
35 given in Table 6. 

Test methods 

Coating appearance: 

[01 07] The appearance of coating film was synthetically examined in respect of glossy appearance and fatness, and 
evaluated by a three grading system as follows: 

O; good, A; poor, x; very poor. 

45 

Adhesion: 

[0108] Following JIS K-5400 8.5.2 (1990) lattice pattern tape method, each eleven parallel straight lines were or- 
thogonally drawn vertically and horizontally at 1 mm intervals on the top coat film surface on each test panel to the 
so depth reaching the substrate, to form one hundred 1 mm x 1 mm squares. Onto the same surface cellophane adhesive 
tape was applied intimately. The tape was then rapidly peeled off and the extent of peeling of the squares was observed. 
Evaluation of adhesion was given by a three -grade system as follows: 

O; at least 90 squares of the coat film remained unpeeled; 
55 A; no less than 50 but less than 90 squares remained unpeeled; 

x; less than 50 squares remained unpeeled. 
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Acid resistance: 

5 and evaluated according to the following grading standards: 
and 

10 x ■ whitening or swelling observed on the coated surface. 

H 2 S0 4 . 

Solvent resistance: 

rniiii in a 20'C room each test panel surface was rubbed with a piece of cotton gauze soaked with methyl ethyl 
ELS under about"* ioad over a length of about 5 cm. After 50 times reciprocal rubbing, the surface cond,t,on 
of the test panel was visually graded according to the following standard: 

O; no change observed on the coated surface; 
25 A; scratches observed on the coated surface; and 

x ; whitening or swelling observed on the coated surface. 

Impact resistance: 

rn „ 01 c ^ winrt „o k kaqo 8 3 2 (1990) DuPont impact resistance test, a weight of 500 g with its hitting front end 
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as weatherability and physical properties, while exhibiting good pigment dispersion stability to allow higher pigment 
concentration can be provided. 



Claims 

1. A pigment dispersing resin having a weight-average molecular weight within a range of 1 ,000- 150,000, which is 
obtained by copolymertzing a monomeric mixture comprising 

(a) a macromonomer obtained by polymerizing at least one ethylenically unsaturated monomer in the presence 
of a metal complex as a catalytic chain transfer agent, or an addition cleavage-type chain transfer agent and 
if necessary a radical polymerization initiator, which macromonomer having a resin acid value less than 50 
mgKOH/g, and 

(b) at least one copolymerizable unsaturated monomer, 

wherein at least one monomer among the ethylenically unsaturated monomer(s) constituting said macromonomer 
(a) and the copolymerizable unsaturated monomer(s) (b) has a functional group selected from substituted or un- 
substituted amino group, quaternary ammonium salt group, sulfonic group, phosphoric group and carboxyl group. 

2. A pigment dispersing resin having a weight-average molecular weight within a range of 1 ,000- 150,000, which is 
obtained by copolymerizing a monomeric mixture comprising 

(a) a macromonomer obtained by polymerizing at least one ethylenically unsaturated monomer in the presence 
of a metal complex as a catalytic chain transfer agent, or an addition cleavage-type chain transfer agent and 
if necessary a radical polymerization initiator, which macromonomer having a resin acid value less than 50 
mgKOH/g, and 

(b) at least one copolymerizable unsaturated monomer, 

wherein at least one monomer among the ethylenically unsaturated monomer(s) constituting said macromonomer 
(a) and the copolymerizable unsaturated monomer(s) (b) has a group which is convertible to a functional group 
selected from substituted or unsubstituted amino group, quaternary ammonium salt group, sulfonic group, phos- 
phoric group and carboxyl group, 

and then converting said convertible groups in the formed resin to corresponding functional groups. 

3. A pigment dispersing resin according to Claim 1 , in which at least one monomer among the ethylenically unsatu- 
rated monomer(s) constituting said macromonomer (a) and the copolymerizable unsaturated monomer(s) (b) con- 
tains carboxyl group. 

4. A pigment dispersing resin according to Claim 2, in which at least one monomer among the ethylenically unsatu- 
rated monomer(s) constituting said macromonomer (a) and the copolymerizable unsaturated monomer(s) (b) con- 
tains a group which is convertible to carboxyl group. 

5. A pigment dispersing resin according to Claim 1 or 2, in which the ethylenically unsaturated monomer(s) constituting 
said macromonomer (a) and the copolymerizable nsaturated monomer(s) (b) are C-, - C 24 alkyl esters of methacrylic 
acid. 

6. A pigment dispersing resin according to Claim 1 or 2, in which the metal complex as a catalytic chain transfer 
agent is a cobalt complex represented by the following formula, 
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15 

(formula l) 



20 



25 



in which four X s are same or different and each stands for hydrogen atom or a C 1 - C„ W™**™ 3 ™ 9 ' 
ortwo xfbinding to adjacent carbons may form, together with said adjacent carbons, a C 4 - C 20 hydrocarbon nng. 

7. A pigment dispersing resin according to Claim 1 or 2, in which the addition-oleavage type chain transfer agent is 
2,4-diphenyl-4-methyl-1-pentene. 

8. A pigment dispersing resin according to Claim 1 or 2, in which the macromonomer (a) has a weight-average mo- 
lecular weight within a range of 300 - 15,000. 

9. A pigment dispersing resin according to Claim 1 or 2, in which the copolymerization reaction is conducted by a 
30 solution polymerization method. 

10. A pigment dispersing resin according to Claim 1 or 2, in which the monomeri ^^^P J 68 ' ^% ™ ^ 
combined weight of the macromonomer (a) and copolymenzable unsaturated monomerfs) (b), a I9M* ey 
St of the macromonomer (a) and 0.1 - 99.9% by weight of the copolymenzable unsaturated monomer(s) (b). 

11 A oiqment dispersing resin according to Claim 2 wherein the group, which is convertible to a functional group 
Reeled fron f substituted or unsubstituted amino group, quaternary ammonium salt group sulfonic group, phos- 
phoric group and carboxyl group, is epoxy group or hydroxyl group. 

1? A moment disoersinq resin according to Claim 1 or 2, which contains functional group(s) selected from substituted 
orTub S £d aXo group, quaternary ammonium satt group, sulfonic group, phosphoric group and carboxy. 
group, within a range of 0.01 - 10 equivalents/kg resin. 

13. A pigment dispersing resin according to Claim 1 or 2, which has an weight-average molecular weight within a 
range of 2,000-100,000. 

14. A pigment dispersing resin containing long chain a.kyl groups, which is obtained by introducing long chain alkyl 
groups into the pigment dispersing resin according to Claim 1 or 2. 

15 A long chain alkyl-containing pigment dispersing resin having a weight-average molecular weight within a range 
' of 1 ,000 - 150,000, which is obtained by copolymerizing a monomeric mixture compnsing. 

(c) a long chain alkyl group-containing macromonomer having a resin acid value less than 50 mgKOH/g ^ which 
s ob Sfd by either subjecting a carboxyl-containing macromonomer and an epoxy-contam.ng long cham 
IZ compound to an esterification reaction, said carboxyl-containing macromonomer being obtained by co- 
pSmerTzL a monomeric mixture comprising a carboxyl-containing unsaturated monomer and at least one 
Sthe7e"hylen^ly unsaturated monomer in the presence of a metal complex as a catalyt.c chain transfer 
agentt an aSitL cleavage-type chain transfer agent and ff necessary a radical polymenzat.on .ntoator; or 
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by causing an epoxy-containing long chain alkyl compound to be concurrently present in said copolymerization 
reaction system to effect the copolymerization reaction and the esterification reaction at the same time, and 
(b) at least one copolymerizable unsaturated monomer, wherein at least one monomer among said macrom- 
onomer (c) and copolymerizable unsaturated monomer(s) (b) has a functional group selected from substituted 
or unsubstituted amino group, quaternary ammonium salt group, sulfonic group, phosphoric group and car- 
boxyl group. 

16. A pigment dispersing resin according to Claim 14 or 15, in which the long chain alkyl group is C 6 - C 24 , preferably 
C 8 - C 20 , linear or branched alkyl group. 

17. A pigment dispersing resin according to Claim 14 or 15, which contains 1 - 30 parts by weight of the long chain 
alkyl group per 1 00 parts by weight of solid content of the pigment dispersing resin. 

18. A pigment dispersing resin according to Claim 14 or 15, which contains functional group(s) selected from substi- 
15 tuted or unsubstituted amino group, quaternary ammonium salt group, sulfonic group, phosphoric group and car- 

boxyi group, preferably at a combined concentration within a range of 0.01 - 10 equivalents/kg resin. 

19. A pigment dispersing resin according to Claim 14 or 15, which has a weight-average molecular weight within a 
range of 2,000-100,000. 

20 

20. A pigment dispersion which comprises a pigment dispersing resin according to any one of Claim 1-19, pigment, 
solvent and if necessary dispersion assistant. 



21. A paint composition which contains a pigment dispersion according to Claim 20. 
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